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RoMPS Genera] Mission Requirements 


Rapid Thermal Annealing (RTA) in Microgravity 
Microgravity material processing 
High temperature annealing furnace 
Automated RTA processing and sample change 

STS Hitchkiker Payload 

GAS canister and HH avionics mounting plate 
Class D payload classification 
Serial command and telemetry 

Mission Characteristics 

Operates during STS disturbance free "quiet" periods 
Operational changes expected 

reschedule operations to meet STS constraints 
modification of RTA processing parameters 



Office of Commercial Programs Requirements 

Infrastructure - Enable Low Cost Space Manufacturing 
new technology - patents, license, product sales 
reduced cost-per-pound 

reduce non-recurring engineering cost 
use industrial practices and products 
carrier independent systems 
experiment independent systems 
system architecture for manufacturing facility 

Closely Related OCP Infrastructure CCDS Flight Programs at SpARC 
Autonomous Rendezvous & Docking 

Autonomous Experiment Mangement System (AEMS) 

Wake Shield Facility 

Autonomous Experiment Mangement System (AEMS) 

Robotic Substrate Servicing System 
Satellite Servicing System 
EPOP Control and Data System (AEMS) 

LABS 

Autonomous Experiment Mangement System (AEMS) 

Material Handling Automation 



Automation Management System 


« 

Schedule Scripts 

STS operational timeline changes 
Investigator sample priority changes 

Processing Scripts 

process methodology changes 
process parameter changes 

High Level Language User Interface 
industry proven 
put PI in the drivers seat 

attempt transparent environment from laboratory to flight 

Automatic Control 

automatic sample change 
automatic process control 
rule based error detection and resolution 



UV/Vis 

Spectrophotometer 
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Electronics Stack B 
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(HT) HITCHHIKER TEMPERATURE SENSOR 
(RT) RoMPS TEMPERATURE SENSOR 
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SCL Scenario Script 


— Function Defines processing scenario for do_processing 
-- script. 

script experiment_scenario 


run = 1 

gSample[run] = 1 

gRack[run] = 1 

gRack_Index[run] = 1 

gTemperaturel[run] = 410 

gTimel[run] = 90 

gTemperature2[run] = 410 

gTime2[run] = 90 

run = 2 

gSample[run] = 2 

gRack[run] = 1 

gRack_Index[run] = 2 

gTemperature 1 [run] = 410 

gTimel[run] = 90 

gTemperature2[run] = 410 

gTime2[run] = 90 

• • • 

• • • 

run = 144 

gSample[run] = 144 

gRack[run] = 6 

gRack_Index[run] = 8 

gTemperature 1 [run] = 200 

gTimel[run] = 30 

gTemperature2[run] = 200 

gTime2[run] = 30 


end experimentscenario 
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Spacecraft Command Language 


SCL Scripts 


• SCL scripts are similar to tasks or other stand alone programs. 

• Scripts can be executed immediately by command directive. 

• Scripts can also be scheduled for deferred execution. SCL supports: 

- Absolute execution times. 

- Relative execution times. 

• Scripts can be scheduled for cyclic execution (repetitive execution). 



Interface and Control Systems Inc. 





Spacecraft Command Language 


SCL Software Components 


• The SCL software system is divided into 3 major components: 

- The Development Environment. The development environment 
provides tools for developing and maintaining scripts and rules and 
for controlling the operation of the system 

- The Real-Time Database. The database defines the SCL software's 
operating environment. 

- The Real-Time Engine (RTE). Executes the SCL scripts, rules, and 
command directives. 



Interface and Control Systems Inc. 




Spacecraft Command Language 


SCL Software Data Flows 
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Script/Rule Sourtje 


DB Record Defs 


Interactive Commands 


J Development \ 


w Real-Time 
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l Environment I 

Status and Responses 

Engine 
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Actuator Commands 
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Telemetry Values 
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Spacecraft Command Language 


SCL Real-Time Engine 


• The Real-Time Engine (RTE) executes SCL scripts, rules and 
command directives. 


• The RTE is portable: 

- Written in C and Ada 


Application specific I/O and system service calls have been 
isolated and "abstracted" out the SCL software. 


• The RTE is generic/reusable. SCL scripts and rules are used to 
tailor the system to a specific application. 

• The RTE is dynamic. Scripts and rules can be added or deleted 
without changing the RTE and its underlying interface routines. 
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RoMPS EasyLab Command &Variable 
Summary for Rack Stations 


RACK.INDEX 


GET.FROM.RACK 


EasyLab variable used by RoMPS PyTechnology 
to determine the current sample for robot 
to manipulate. Initial Value is 1. 

Get sample RACK.INDEX from its home rack and 
slot. 


PUT.INTO.RACK 


Move the currently held sample into the 
home rack and slot of RACK.INDEX. 



RoMPS EasyLab Command &Variable 
Summary for Annealer Module 


ANNEALER.TEMPERATURE 


ANNEALER.TIME 


ANNEALER. RATE 


ANNEALER.ACTIVE.OVEN 

MOVE.UNDER. ANNEALER 

PUT. INTO. ANNEALER 
ANNEALER.ON 
ANNEALER. OFF 
ANNEALER.TIMED.RUN 


Output Command Variable used to set the target 
temperature for the next annealing initiated by 
ANNEALER.ON and ANNEALER.TIMED.RUN. 

Initial Value TBD. 

Output Command Variable used to set the annealing 
time for the next annealing initiated by 
ANNEALER.TIMED.RUN. Initial Value TBD. 

Output Command Variable used to set the heating 
rate for the next annealing initiated by 
ANNEALER.ON and ANNEALER.TIMED.RUN. 

Initial Value TBD. 

EasyLab variable used by the Annealer robot 
movent commands, to determine position to 
put and get samples. 

Move Robot Gripper Under Sample, Lined up to allow 
pallet to be inserted into annealer. 

Move sample up into Annealer After a 
MOVE.UNDER. ANNEALER command. 

Initiate an untimed run of the Annealer. 

Terminate an untimed run of the Annealer. 

Initiate a timed run of the Annealer. 



Automation Management System 


Architecture Demonstrated at SpARC on 4 October 1991 

SC4 #1 with SCL implements 
generic - scheduler 
specific - carrier i/o 

SC4 #2 with EASYLAB implements 

generic - sample handling, processing 
specific - robot geometry 

Electronics 

generic - servos, housekeeping 
specific - interfaces 


Status 

MOU's in place 

License agreements outlined 

DFD’s prepared 

Elements to be designed have models to work from 
Long Term Architecture 

Multiple robot and process space manufacturing facility 
Minimize Lifecycle Costs 

Industrial development, support, maintenance and documentation 



RoMPS Electronics Assemblies 


Support Electronics Assembly 

Mounted to Hitchhiker Adapter Plate 

Integrated assembly with common support plate and cover 
Connector Bracket 
Power Distribution 
SwRI SC4 Computer #1 
SwRI SC4 Computer #2 
Navtrol DDSC Master 


GAS Electronics Assembly 

Mounted inside 5" GAS Extension 
Integrated assembly with common support plate 
Connector Brackets 
Power Distribution 
Navtrol DDSC Slave #1 
Navtrol DDSC Slave #2 
Navtrol DDSC Slave #3 
Thermocouple Signal Conditioning 
Data Acquisition 
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RoMPS Elec Weight & Power 


RoMPS Weight & Power 


Subassembl 




A 


Assembl 


emi cover 


SC-4 


SC-4 


HH I/O 


HHPWR 


GSFC 


GSFC 


SwRI 


SwRI 


ERIM 


ERIM 


DDSC Master Navtrol 


connec. brack ERIM 


harness ERIM 


hardware 


SUBTOTAL 


Size LWH in I Mass lbs 


7.25x12.25x2 


7.25x12.25x2 


7 x 7 x 0.75 


7 x 7 x 1.25 


4. 5x5. 1x1 


Peak Pwr Comments 


5 

5 

5 

5 

1 

1 


GAS Eectroni mount plate 


Assembl 


DD9C 


DDSC 


DDSC 


Housekeepin 


Power Dist 


GSFC 


Navtrol 


Navtrol 


Navtrol 


ERIM 


ERIM 


ERIM 


connec.bracke ERIM 


harness 


hardware 


ERIM 


17.5 dia 


4.5x5.1x1 


4.5x5. 1x1 


4. 5x5. 1x1 


7x7x0.75 


7x7x0.75 


7x7x1.25 


269 9.6a worst ca 


one axis onl 


one axis onl 


5 logic 
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\ m§ 

IPM5TME5I 


SUBTOTAL 


TOTAL 



































































































































(ht) hitchhiker temperature sensor 
(rt) romps temperature sensor 
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Hitchhiker Interface Subsystem 


Flight Hardware 

power switching and bus protection 
serial interface receivers and drivers 
HH command packet protocol processing 
telemetry packet generation 
health and safety monitors 

Ground Support Equipment & Operations Console 
customer ground support equipment 
command generation 
script development 
process development 
telemetry processing 
archiving 

engineering unit conversion 
parameter limit checking 
investigator operations console 
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SEA 

+20 V BUS A f t +28 V BUS B 


GAS CAN ASSEMBLY 


INRUSH 


EMI/EMC 

LIMITER 


FILTER 


INRUSH 

LIMITER 

INRUSH 

LIMITER 


EMI/EMC 

FILTER 

EMI/EMC 

FILTER 


ELECTRONICS STACK B 


I DC/DC 
(CONVERTER 


I DC/DC [ 
ICONVERTERL 


INRUSH 

LIMITER 


EMI/EMC 

FILTER 

INRUSH 

LIMITER 


EMI/EMC 

FILTER 


NAVTROL 1 
NAVTROL 2 
NAVTROL 3 
NAVTROL 4 


h 


NAVTROL 5 

L_ 


NAVTROL 6 


MOTOR 1 
MOTOR 2 
MOTOR 3 
MOTOR 4 

- LAMP A 

- LAMP B 


GAS Can An+ntty 
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SCL Uplink Packet Definition 


HH Protocol 


X Generic SCL Command 
Packet 







RoMPS Telemetr 


Function 




Rate 


Frame Header 


RTE Packet 


id, etc 


rte state 






1 3 IDUMP Packet id/len 


iraHsaEMj 
[[ISjnsgijj 
BEngBSESSlI 

bbI 

IBBHPBBnil 


elevation 

2 

theta 

2 

radial 

2 

qrip 

2 

force 

2 

exp. current 

2 

eot status 

2 


10 

housekeeping 

16 


3 2 TOTAL 
33 BUDGET 


90 

120 
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SwRI Project 

















RoMPS AMS Software Summary 


MODULE 

VENDQB 

EUNCTIQN 

VRTX-32 

» 

Ready Systems 

Real Time Executive 

RTL/86 

VRTX-32 

Ready Systems 

M C" Reentrent Run Time Library Interface 

RT-SCOPE 

Ready Systems 

System Monitor, Debugger 

RTL/86 

RT-SCOPE 

Ready Systems 

"C" Language Interface to RT-SCOPE 

SC-4 Board 

Support 

Package 

ICS/SpARC 

Interface Between VRTX and SC-4 Devices 

Command 

Input 

SpARC 

Get Command Packets from HH Avionics 

Zymate 

Interface 

SpARC 

SCL to Zymate Interface 

Telemetry 

Acquistion 

SpARC 

Acquire the Data of the Telemetry Items and 
forward to Telemetry Reduction 

Telemetry 

Output 

SpARC 

Format and send telemetry 


LANGUAGE 
"C", Assembler 

"C", Assembler 

"C", Assembler 
"C", Assembler 

"C", Assembler 

"C" 

"C" 

"C" 





RoMPS AMS Software Summary 


MODULE 

VENDQB 

FUNCTION 

LANGUAGE 

IIMM 

SCLRTE 

ICS 

SCL Command Interpreter and Rules evaluation 

c 

» 

Telemetry 

Reduction 

ICS 

Monitor Telemetry and post detected changes 

"C" 

Processing 

Scheduler 

SpARC 

Scheduled execution of scripts initiating 
EasyLab processing programs 

SCL 

Initiate Sample 
Processing 

SpARC 

Sends the EasyLab commands initiating sample 
processing 

SCL 

Initialize / 
Shutdown EasyLab 

SpARC 

Sends the EasyLab commands initiating/shutting 
i down EasyLab 

SCL 

Send EasyLab 
Commnad 

SpARC 

Send an EasyLab Command 

SCL 



AMS Memory Map 



FFFFF 

EFFFF 


AFFFF 

8FFFF 

7FFFF 


3FFFF 


OOOOO 


64K BOOTSTRAP PROM 
256K EEPROM 

128K PERIPHERALS 

64K MASS MEMORY 
PAGE 

256K USER RAM 


256K USER RAM 




RoMPS SC-4 EasyLab Software Summary 


MODULE 

VENDOR 

FUNCTIOM 

LANGUAGE 

ZYOS 

Zymark 

Zymate Operating System 

"C", PLM 86 

i 

Boot ROM 

Zymark 

Operating System Initialization 

"C", PLM 86 

Robot Module 

SpARC 

High level robot controller and 
servo interface 

"C" 

Annealer Module 

SpARC 

Oven controller interface 

"C" 

Annealer 

PyTechnology 

SpARC 

Annealer control variables and navigation routines 

EasyLab 

Rack 

SpARC 

Rack navigation routines and 

EasyLab 

Pytechnology 


variables 

EasyLab 

Robot 

SpARC 

Robot control and navigation 


PyTechnology 


variables 




SC-4 EasyLab System Memory Map 



Unused 39K 


Memory Mapped 
Device Space 


FFFFF 

EFFFF 


AFFFF 


8FFFF 


sV\\\\\\\\\\V\V\\\\\\\\V 
SData Dictonary, Pytechnology 

j^ROM Copy, 1 8K 


Unused 64K 



7FFFF 


64K BOOTSTRAP PROM 


256K EEPROM 

128K PERIPHERALS 

64K MASS MEMORY 
PAGE 

256K EEPROM 


Unused 238K 


wSSData Dictonary .Pytechnology \ 

^RAMCopy,18K ^ 


Unused 38K 


3FFFF 


;ZYOS Workspace 200K •; 


256K USER RAM 


00000 




Processor Utilization 

• RoMPS sample thruput limited by annealing time 

• Spacecraft Command Language 

Compiled script 300 lines/second 

• EasyLab 

Interpreted procedure 10 lines/second 

• Memory Margin 37 % 
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Oven Assembly 


1 

LAMP A 

ra 



LAMr D 

1 THERMOCOUPLE 



Robot Assembly 


ROBOT Z-AXIS 


ROBOT R-AXIS 


ROBOT THETA-AXIS 


ROBOT GRIPPER AXIS 


HITCHHIKER TEMPERATURE SENSOR 

romps temperature sensor 


GAS CANISTER 


Electronics Stack B 




OVEN CONTROL 
— NAVTROt S/6 - 
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Block Diagram 

GAS Canfeur SUnyttem 


SUPPORT 

ELECTRONICS 

ASSEMBLY 
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Robot Control Subsystems 


4 Degree-Of-Freedom Material Processing Robot 
elevation, azimuth, reach, gripper axis 
brushless dc motors 
hall effect commutation 
normally-on electrical brakes 
quadrature output incremental position encoders 
end-of-travel fiducials 
current or force limited 
compliant gripper 
sequential operation 

Digital Servo Position Control 

positioning accuracy +- 0.025 inch 

velocity range 0.1 to 2.0 inches/sec 

force limiting +- 1 lbf 

Proportional-Integral-Deriviative algorithm 
<5 msec control loop cycle time 

PWM Drive Amplifier 

chassis isolated output stage 
32 volt maximum phase voltage 
10 amp maximum phase current 
fold-back current limiting 
over-temperature protection 
output inhibit 



1/2 NAVTROL DDSC 



Servo Amplifier 

T yp tea l Force Sense Robot Axis Mechanism 


urreni 
Velocity Monitor 


Motor 1/2/3 


Motor vac 
Motor OND 


z z 2 
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Encoder 


< 

Phase A/e 



index 


Llmit/Mome *v 
Force Sense 


Controller Buss 


Controller 


Motor 1/2/3 


Mall 1/2/3 


Lead Screw/Last Gear 


'H' 


DC Brushless 
Motor 


lo CMII-AkIS 
Controller 
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Com pad lor* 
with Bias 

Adjustments 


12 Channel 
Input 
MUX 


Differential 

Analog 


Signal Ground (Reference) 


Pulse 

Width 

Control 


Power Amp 
10 A Max 


Same a* Loop 1 


Jiiamu 


mqttjo 


S2 20 3)222*2*3*3* 


Ji.tuou.it IS 


Ji«m>* 


J1-HBA 


Ji.mp.is 


J1I3UH3 


imum 


HZajBZa 


JgSBAi 


Ii.-s~o.js' 


22. 


Address 


jniajn.ii 


_j».a»r i« . 


■tmus-ta 


AlUifl.. 


-n.ioyis.is 


JASJtlt- 


-JAL. 


. Jl & . 


.JLZl 


Home Switch 
CW Umtt 
7 Unused 

- CCW Limit 


Encoder Phase A+ 
Encoder Phase 6+ 
Encoder Return 
Encoder Index 
. Remote Sense 
- iStraln X 




■ iStraln Y 
- Strain Z 


jMnn*-n.n_ 


Motor A 
Motor B 
' Motor C 


Hal 1 
Hal 2 
Hal 3 


Brake (500 ma,60Y) 
Power (500 ma,80V) 
Power (800 me. 60 V) 
Power (800 ma,60V) 


* For loop 2 signal Is differential 
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Servo Axis Control Logic Suppliers 


Functional Characteristic 

Navtrol 

Zymark 

Industrial 

uC 

control algorithm 

custom 

custom 

pid 

pid 

control loop rate 

1.6 ms 

5 ms 

5 ms 

5ms 

number of channels/unit 

2 

6 

1 

1 

commandable pid parameters 

no, ucode 

rom'd 

yes 

yes 

traje 

ctory mode 

yes 

no 

rftf) 

cpu 

32020 

80186 

several 

NEC 

embedded code rom'd 

no 

yes 

yes 

yes 

edcram 

no 

no 

no 

no 

position detection 

pot.incr 

pot+incr 

incr. 

incr. 

auxilary inputs/outputs 

yes/yes 

yes/no 

yes/yes 

yes/no 

standard functions 

no 

yes 

yes 

yes 

interface library 

no 

yes 

yes 

yes 

host i/o 

AT bus 

rs422 

rs422 

parallel 

printed circuit board 

smc 

dip 

dip 

smc 

temperature range 

industrial 

industrial 

industrial 

industrial 

883 

no 

no 

no 

no 

883 available 1 :1 

no 

yes 

no 

no 

industrial heritage 

no 

1800 units 

yes 

yes 

flight heritage 

pending 

no 

no 

no 

industrial cost 

5k 

tbd 

2.5k 

0.25k 

mil-spec cost 

na 

na 

na 

na 

883B cost 

>200k 

>50k? 

na 

na 


Annealing Oven Control Subsystem 


Interfaces 

Control 

Feedback 

Output 

Protection 

Power Requirements 
Voltage 
Current 

Temperature Set Point 
Range 
Resolution 
Repeatability 

Time Set Point 
Range 
Resolution 
controlled) 

Response Time 

limited by thermal coupling to sample 
Time Profile 

2 step time-temperature profile 
1 ) preheat, 2) melt 


serial interface 

conditioned thermcouple output 
quartz halogen filament lamp 
filament inrush protection 


24 volt rated lamp 
10 amp maximum 


350°C to 1 500°C 
+- 2% of setpoint (6 bits) 
+- 2% of setpoint (6 bits) 


3 to 7200 seconds 
+r 1 second (software 




NAVTROL 

MASTER 


1 

1 

1 


1 ► 

1 

NAVTROL S 

1 

1 

1 

1 

1 

1 



NAVTROL 6 

i 

i 



I 1 . 


SIGNAL 

CONDITIONING 



FNGnrfFR y f rvMH 


wmmm] 
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15.0B 



























Experiment Data Acquisition Subsystem 


i 

RTA process monitor 

thermocouple lamp flux monitors 

Oven Status 
lamp current 

Robot Status 
4 axis position 
1 axis force 
EOT fiducials 

overtemp, current limit indicators 

Computer Status 
executive status 
script status 
rule evalutation 

Health and Safety Monitors 
radiator 
oven 
robot 

electronics stacks 
power supplies 
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RoMPS Data Acquisition List 



RoMPS Data Acquisition 


2 iFunction Description 


3 


IL1UEM 

i iiiiiJiiiiMiin 
I Qg'JfflE BIB 

lEEjaanssni 


force 


eot status 


. current 


elec tem 


elec tem 


radiator tem 


oven tem 


oven tem 


robot tem 


Rate 


2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 


Comment 


rocess 




TOTAL 








































































Note: The designation T" means this connector b on the end of a cable. 

The designation "J" means this connector is on a chassis mount connector. 
PLUG JX IS 1 SS3 OR nRS422 
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OPERATIONS 


EXPERIMENT 

DISPLAY 

CONSOLE 


MAC I RUNNNG 

SCL 


SCRIPT 

DEVELOPMENT 

CONSOLE 

MAC It RUNNNG 
LABVCW, 

SCL DATA I/O 


COMMAND 

AND 

TELEMETRY 

CONSOLE 

MAC II RUNNING 
SCL 


SCL Commands/Telemetry 


HITCHHIKER 

SYSTEM 


Compiled SCL Scripts, SCL Database Update Packets 


Power Switch Commands 


House Keeping 
Qje fie s/Data 


ROBOT ASSEMBLY 


Axis Position 
Commands/Status 


SCL Corrmandd/Telemetry 




ELECTRONICS 

STACK 

B 


OVEN ASSEMBLY 


Lanp 

Control/Status 



SC-4 AUTONOMOUS 
EXPERIMENT MANAGER 
SCL RUNNING OVER 
VRTX 



EasyLab Command Packets/ 
Processing and Device Trace Data 


ELECTRONICS 

STACK 

A 


SC-4 EASYLAB® 
SYSTEM 

RUNNING ZYMATE 
ZYOSOS 


Aren Commands and Status 
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Romps operational concept 







